The %C within the top sandy 0.15 m of a sodic Hydrosol under native trees consisted of a constant %C in uncharged organic matter and a %C in negatively charged organic matter decreasing linearly with depth, as did the specific volume of the soil. The kaolinitic clay present was strongly bonded together. In an adjoining canefield cleared 10 years earlier, incorporation of burnt cane residues to 0.35 m had more than doubled the CEC of the soil, but had not generated structural porosity. The clay in the top 0.15 m remained strongly bonded together. The rate of increase in the specific volume of the sandy soil under trees with %C was twice that reported for surface aggregates of a silty soil from rotation plots on a Chromosol, and of sectioned clay cores from a Ferrosol under softwood scrub.
Introduction

McGarry
took cores from a sodic Hydrosol (Isbell 1996) or Natraqualf (Soil Survey Staff 1994) under native trees and an adjoining canefield. The soil was sandy to about 0.35 m, after which clay content gradually increased. Visual observation of the degree of slaking and dispersion of samples from within the top 0.2 m showed that air-dry aggregates from under trees did not slake, although their organic carbon content (%C) decreased with depth by 50%. By contrast, the degree of slaking of aggregates from the canefield increased rapidly with depth but their carbon content was almost unchanged. No clay was released spontaneously from any aggregates, but all portions of wet, remoulded soil when dropped into water showed some dispersion.
The reduction in slaking of surface aggregates as carbon content is increased by a period under grass, for example, is well established. Also, Emerson et al. (1994) and Watts and Dexter (1997) showed that the dispersion of wet, sheared surface aggregates from Chromosols (Isbell 1996) or Alfisols (Soil Survey Staff 1994) decreases with %C. The present work was started to find out why this did not apply to the sandy soil. McGarry et al. (1996) were the first to report visual remoulding/dispersion tests for a soil with a sand matrix containing only a few per cent clay. It was thought that possibly visual estimates of the degree of dispersion might have been inadequate. Supplementary samples were therefore taken and quantitative measurements of dispersion made using compacted 5-mm cubes of wet soil (Emerson 1991) . Normally, cubes are made from soil at field capacity because for silty soils this is also about their optimum water content for compaction. Then if a sample of the soil is selected where any bonding by organic matter is weak, such as in a continuous fallow, the reciprocal of the bulk density of its cube is equal to the minimum specific volume of the soil. The difference between this value and the specific volume of a sample of the same soil, taken at field capacity from an undisturbed site, then shows the increase in the volume of pores present. The specific volume of pores ≤30 µm diameter (as measured by water retention at 10 kPa suction) had already been shown to increase approximately linearly with %C (Emerson 1995b) . The bulk densities of cores reported by McGarry et al. (1996) for the sandy soil, by Watts and Dexter (1997) for surface aggregates of a fine silty loam, and by Bridge and Bell (1994) for sections of cores from an oxidic clay soil were used to see if the specific volume of soil also increased linearly with %C. The difference in the 2 rates of increase would indicate the additional porosity available for temporary water storage and aeration at field capacity. A 'chemical hammer' (Clapp and Emerson 1965; D'Acqui et al.1999 ) was also applied to aggregates to obtain a second assessment of the relative strengths of the bonds between the clay particles.
Polysaccharides have been deduced to be the main bonding agents between soil particles resulting from a period under grass because periodate oxidation breaks the organic bonds holding particles together in aggregates (Greenland et al. 1962; Clapp and Emerson 1965; Cheshire et al.1983 ) and conversely, because clay particles become linked together when exuded, polysaccharides are added in solution (Robert and Chenu 1992; Chenu 1993) . The gel exuded by bacteria was also considered to be mainly responsible for the linear increases with %C in the water retention of soils and the plastic limit of silty soils (Emerson et al. 1994; Emerson 1995a) . If so, the increase in water retention should be accompanied by an increase in the amount of C present in negatively charged organic matter. It was possible to check this for the sandy soil, since McGarry et al. (1996) had measured the cation exchange capacity (CEC) of core sections.
The effect of air-drying gel in the presence of soil on water retention had not been considered previously. Chenu (1993) showed that air-drying kaolinite plus exopolysaccharides added in solution caused the polymers to become strongly bonded to the clay and their subsequent water uptake was greatly reduced. So the explanation of how gel increases soil water uptake was re-examined to take drying into account.
Materials and methods
Experimental Sites
In February 1995 , McGarry et al. (1996 took triplicate cores from a sodic Hydrosol near Bunderberg, Qld, under native trees, mainly Melaleuca spp., and in an adjoining site where trees were cleared in 1985. Since then, sugar cane was grown under irrigation for 6 years (5 ratoons), followed by groundnuts and vegetables for 2 years, and then cane again. The soil was ploughed to 0.4 m at the end of the first cane crop to incorporate burnt residues.
In September 1995, a 50-mm-diameter and 0.2-m-long core was taken from each site at Bundaberg, and the 0-0.05-m and 0.15-0.2-m sections sent to Adelaide. These were designated 0-0.05T and 0-0.05F, etc., where T stands for trees and F for canefield. As received in Adelaide only 0-0.05T was still intact. The others contained about 25% by weight of >2 mm aggregates. A sample from 0.45-0.5 m under trees was also taken and sent to Adelaide to check its degree of spontaneous dispersion. Watts and Dexter (1997) collected about one thousand 9-13-mm-diameter aggregates from the top 0.1 m of fine silty loam from each of 5 rotation plots on an Alfisol at Rothamsted Experimental Station. The plots were laid out in 1949 on permanent pasture. Treatments and the C content of the aggregates as sampled (in parentheses) were: left in pasture (3.2%), ploughed and reseeded to grass (2.8%), 3 year grass/clover-3 year cereal rotation (2.1%), continuous cereals (1.5%), and continuous fallow (1.1%). The grass had been cut at the silage stage since 1962 rather than being grazed. Bridge and Bell (1994) took 4 replicate cores from a Ferrosol (Isbell 1996) or Oxisol (Soil Survey Staff 1994) under virgin softwood scrub. The soil to 0.2 m had a clay content of about 60%, increasing to 80% at 0.45 m. et al. (1996) and D. McGarry et al. (submitted) report the bulk density of core sections and on subsamples, CEC using 1 M NH 4 Cl at pH 7, pH in a 1 : 5 soil : water suspension, and organic carbon content by the modified Walkley Black method of Heanes (1984) . Watts and Dexter (1997) and Bridge and Bell used the original 1934 method. Watts and Dexter (1997) measured the bulk density of air-dry aggregates using Saran resin, re-saturated aggregates slowly to measure water retention, and determined the plastic limit of crushed aggregates. Bridge and Bell (1994) measured the bulk density of 0.05-m sections of cores and the average carbon content over 0.1-m intervals down to 0.3 m.
Methods
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Supplementary tests carried out on the September samples included a visual check of slaking by dropping air-dried aggregates weighing about 0.6 g into 50 mL of water in 250-mL beakers. The optimum water content for compaction for each of the 4 samples from the top 0.2 m was found by compacting 5-mm cubes over a range of water contents. Cubes at maximum bulk density were then dropped into 50 mL of distilled water. Dispersing particles appeared to coagulate with time. So the water above a duplicate cube was gently stirred by hand for 30 s, or less if all the particles had come off the base of the beaker. This was done both 5 min after a cube was immersed and after 16 h.
Aggregates weighing about 0.6 g were also wetted up under suction with 1 M NaCl and transferred to separate vials containing 15 mL of 1 M NaCl. The solution was siphoned off and replaced with distilled water twice, then neutralised with 0.1 M Na 4 P 2 O 7 and water twice more, allowing 24 h between each step.
A similar test was made on aggregates of 0.45-0.5T, except air-dry aggregates were dropped into water first. The spontaneously dispersing clay was then siphoned off and its turbidity measured (Emerson et al. 1994) before the NaCl pyrophosphate treatment was applied.
Particle size distributions of both 0.15-0.2 m samples were determined by remoulding 10 g of wet soil, which was then immersed in 50 mL distilled water and an ultrasonic probe inserted for 5 min. The suspensions formed were made up to 500 mL with H 2 O, and clay and silt contents measured using the pipette method. Clay contents were also determined by first treating 10 g soil with 30% H 2 O 2 , then transferring the soil to a 250-mL plastic bottle, adding 2 mL of 10% by wt sodium hexametaphosphate and 1 mL of 1 M NaOH plus sufficient water to bring the volume to 100 mL. The bottles were shaken end-over-end for 64 h. The same treatment was applied to 0.05F and 0.45-0.5T to obtain clay for making orientated flakes for X-ray analysis using CoKα radiation. A flake was also made of clay dispersing spontaneously in water from 0.45-0.5T.
Water retention was measured by placing six 3-5-mm air-dry aggregates on a bed of the gently crushed <2-mm fraction of the same sample, and wetting with water at 2 kPa suction before reducing the suction to 0.1 kPa. Aggregates were then drained successively at 4 kPa and 10 kPa suction and the water contents of 2 individual aggregates measured.
Results
Sandy soil under trees and in canefield Particle size analysis and clay composition
Remoulding plus ultrasonics released 33%, 46%, 18%, and 3.3% coarse sand, fine sand, silt, and clay from 0.15-0.2F and 11%, 43%, 35%, and 3% from 0.15-0.2T. The clay percentages were much less than the mean values of 6.7% and 6.5% in the top 0.2 m in the canefield and under trees, respectively, reported previously by McGarry et al. (1996) . Peroxidation and shaking end-over-end for 64 h with dispersant increased the clay percentages to 4.9% and 4.5%. The same treatment released 6.7% clay from 0.45-0.5T compared with 3.2% released spontaneously.
X-ray analysis of the 3 clay fractions indicated that only kaolin and quartz were present but the ratio of the height of the quartz peak at 3.34 A to the kaolin peak at 3.57 A varied with the method used to extract the clay. For clay dispersing spontaneously from 0.45-0.5T, the ratio was only 0.07, but for clay released from the same sample by prolonged shaking with dispersant, the peaks were of equal height. The ratio for the clay from 0-0.05F after prolonged shaking with dispersant was 4.0. W. W. Emerson and D. McGarry 
Slaking of aggregates, dispersion of aggregate, and cubes
Only aggregates from 0-0.05T remained unchanged when dropped into water, while aggregates from 0-0.05F cracked but remained coherent. There was slight slaking around the periphery of 0.15-0.2T aggregates, but those from 0.15-0.2F broke up into medium to fine fragments over a period of 10 min; there was no dispersion. In contrast, air-dry aggregates from 0.45-0.5T gradually 'dissolved' when dropped into water.
When cubes were immersed in water, all slaked completely, but the percentage of the clay present diffusing out from the slaked fragments which reached the edge of each 250-mL beaker was small. Gentle stirring released 25-30% of the clay present on average at both sites from all 4 samples, irrespective of whether the stirring was carried out immediately or after 16 h.
Equilibrating aggregates with 1 M NaCl and then changing to water caused only 0.15-0.2F to fragment. After 0.1 M Na 4 P 2 O 7 and changing to water, while no clay was released, only 0-05T aggregates appeared unchanged, although too weak to manipulate. The outsides of 0.15-0.2T aggregates fragmented, 0-0.05F slumped 40% in height, and 0.15-0.2F slumped completely. The strengths of the bonds between the larger particles were, therefore, placed in the same order as that shown by the extent of slaking, but differences were accentuated. The chemical hammer was ineffective in releasing further clay from 0.45-0.5T aggregates once the spontaneously dispersed clay had been siphoned off.
Densities of cubes and cores
The optimum water content for compaction of each sample was about 7% by weight less than the water retention of aggregates at 10 kPa suction (Table 1 ). The densities of the cubes and of the core sections of McGarry et al. (1996) from under the trees and the inter-row in the canefield are given in Table 1 . The cube from 0-0.05T had the lowest cube bulk density and was the least compacted in situ, but the bulk density of the cube from 0.15-0.2T was more compacted in the field than its cube. The densities of compacted cubes of the 2 samples from the canefield were similar to the core densities, as expected since the inter-rows were used for traffic. McGarry et al. (1996) also found that in the row, the top 0.05 m could have a bulk density of 1.58 mg/mm 3 , but at 0.15-0.2 m, the density still increased to 1.85 mg/mm 3 , almost equal to that in the inter-row. et al. (1996) showed that within the top 0.3 m under trees, mean pH only varied from 6.0 to 6.2. Their mean values for the ratio of the CEC of the soil (cmol c /kg) to clay content (g/100 g) were plotted against %C (Fig. 1) . Over the interval 0.2-0.3 m the ratio was constant, while organic carbon content decreased by 0.15% This is interpreted to mean that the clay itself had a net negative charge of 0.11 mol c /kg, while 0.15% C was in organic matter with zero net charge. Similarly within the top 0.15 m where the ratio CEC/clay content decreased almost linearly at the rate of 2.7 mol c /kg C (Fig. 1) , it is presumed that a constant percentage of the carbon present was in organic matter with zero net charge. Extrapolation of the first linear section to a CEC soil/clay ratio of 0.11 indicates that value was 0.63%. It is referred to as %C o . The constant charge of both components of organic matter also indicates there was little change in their compositions in the top 0.15 m. In the canefield, the mean pH of the top 0.30 m was higher than under trees but still effectively constant, 6.9-7.1. There was no consistent variation in %C or the ratio of CEC/(%clay) with depth. The mean values were 0.95% and 0.50 mol c /kg, respectively (Fig. 1) . For soil under trees containing 0.95%C, the ratio was only 0.2 mol c /kg (Fig. 1) .
Charge of organic matter and clay
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Soil specific volume under trees and %C
The 3 values of specific volume, derived from the mean bulk densities (σ) of the core sections to 0.15 m reported by McGarry et al. (1996) , when plotted against %C were collinear. If the soil is assumed to be at its maximum bulk density (σ o ) when C = C o = 0.63%, then for the 3 points to lie on a straight line through the origin, σ o = 1.88 mg/mm 3 (Fig. 2a) . This value compares satisfactorily with the reported maximum core bulk density of the profile of 1.90 mg/mm 3 , which occurred at 0.15-0.2 m ( Table 1 ). The increase in specific volume from its minimum value is also a good approximation to the volume of structural porosity generated (cf. Appendix, Eqn 2). It is concluded that %C o in the sandy soil is in organic matter which is not only uncharged but also is not involved in increasing structural porosity.
Rate of increase in water retention with %C under trees
Aggregates of 0-0.05T retained the most water at 4 kPa and 10 kPa suction (Table 1) . Assuming retention also increased linearly with carbon content under trees, then using the difference in retention between 0-0.05T and 0.15-0.2T and the difference in the carbon content of the corresponding core sections, the rates would be 16 and 9 g H 2 O/g C, respectively at 4 kPa suction and 10 kPa suction. Technically, a small decrease in %C o with depth should be allowed for. However, at 10 kPa, the rate is 50% more than the average rate for aggregates from silt loams mainly due to a period under grass (Emerson 1995b) . Note from the slope of the line in Fig. 2a , the saturated water content of the sandy soil increased by 20 g H 2 O/g C.
Fine silty loam surface soil from rotation plots
Specific volume of aggregates and %C When 1/σ was plotted against %C the first 3 points were collinear indicating that a constant %C was not involved in generating porosity. In order to translate the line to one through the origin the values of both C o and σ o have to be known, although the relation between them is fixed by the initial line (Appendix I, Eqn 1). C o was likely to be slightly less than the %C in the fallow plot (see Discussion) with a correspondingly slightly higher bulk density. Assuming values of 1.0% and 1.88 mg/mm 3 for %C o and σ o , respectively, the increase in specific volume was plotted in Fig. 2b . The 2 points for the grassed plots deviate about the same amount in opposite directions. Whether %C o is also equal to %C in uncharged organic matter could not be determined because CEC was not measured. The slope corresponds to a rate of increase in the saturated water content of aggregates of 9.7 g H 2 O/g C.
Water retention and plastic limit
Four of the 5 points for the water retention of aggregates at 10 kPa suction were collinear (Fig. 3a) , but the increase in the plastic limit was more consistent (Fig. 3b) . The uniform increase in the plastic limit of silty surface soils over a range of organic matter contents has been pointed out previously (Emerson 1995a ). The particular importance of the results in Fig. 3 is that water retention and the plastic limit were measured on aggregates from the same sample. The lines drawn give rates of increase of 6.8 and 7.9 g H 2 O/g C for water retention and the plastic limit, respectively. These values are slightly more than those deduced previously for silt loams of 6.5 and 7.2 g H 2 O/g C (Emerson 1995a (Emerson , 1995b . 
Oxidic clay soil under softwood scrub
The C contents of the three 0.1-m sections to 0.3 m of the Ferrosol were 4.8%, 2.4%, and 1.4%, and their specific volumes 1.27, 1.02, and 0.94 mm 3 /mg. The line through the 3 points had a slope corresponding to an increase in the saturated water content of 10 g H 2 O/g C assuming cores were taken at about field capacity so the small swelling of the oxidic clay could be neglected. The rate is similar to that found for the silty aggregates.
Discussion
Dispersion and slaking of the sandy soil
The reason for the dispersion of the remoulded samples from the top 0.2 m of soil being independent of organic carbon content was not due to a lack of sensitivity of the visual dispersion tests used by McGarry et al. (1996) , but because the clay at both sites was strongly bonded together. It is suggested that the clay particles were in 'stacks' as in mined kaolinites, which can only be separated hydrokinetically (Conley 1966) . Some stacks would be cleaved by the grinding action of the coarse sand while cubes were being made, and more by the prolonged end-over-end shaking, the latter also causing the production of clay-sized quartz. The possibility of the strong bonding between the clay particles being mainly organic was discounted because of the results of the chemical hammer tests on aggregates. While none of the clay from surface aggregates dispersed in H 2 O after equilibration with neutral 0.1 M sodium pyrophosphate, neither did about the same amount of clay remaining in aggregates from 0.45-0.5T after clay dispersing spontaneously in water had first been siphoned off. The complete slumping but not dispersion of aggregates of 0-0.2F suggests that the 'stacks' are just too large for the osmotic pressure difference to cause the particles to diffuse out spontaneously to the edge of the container.
Specific volume, structural porosity, and acidic carbohydrate
It is usual to characterise the development of structure in a soil by the increase in structural porosity rather than specific volume. This is mainly because structural porosity starts from zero when the soil is at its maximum bulk density rather than a minimum value. The fact that only the C in negatively charged organic matter was found to be involved in the generation of structure in the sandy soil under trees was apparently consistent with the suggestion that acidic carbohydrate plays a key role. However, considering water retention at 10 kPa suction, that is the specific volume of pores ≤30 µm diameter, a 50% increase per g of additional carbon compared with silty soils under grass has to be explained. This is unlikely to be due to a greater percentage of the total C being present in polysaccharides. Oades (1967) showed that about 10% was present as acid hydrolysable sugars varying little with soil type or cropping, although no soil samples from under trees were analysed. Foster (1981a Foster ( , 1981b showed that, whereas the roots of grass and wheat are mainly covered with bacteria, the lateral roots of Pinus radiata are completely covered by ectotropic mycorrhiza. Foster also stated in Emerson et al. (1986, p. 532 ) that this applied to trees such as eucalypts. The mycorrhiza produce mycelial strands, which invade the adjoining soil. Each strand consists of several attached hyphae, 2-8 µm in diameter. As the hyphae elongate and multiply, and push aside silt sized particles, gel is also exuded which helps to bond the particles to the hyphae (Tisdall and Oades 1979) . It is concluded, therefore, that the size of the pores created when the gel is produced is responsible for the difference in the rate of increase in water retention at 10 kPa suction with %C.
There was an even greater disparity between the rate of increase in the volume of pores >30 µm in diameter created per g of C in the sandy soil under trees compared with that of the silty soil under grass (Fig. 2) . It is suggested that as the lateral roots elongate, soil attached to the hyphae is moved apart leaving large pores.
The other presumed function of gel is to stabilise the pores created by linking together the surrounding fine particles. Such links would be strengthened when the soil is air-dried by the collapse of the gel onto the fine particles, while the hyphae, for example, which formed the pores, would be irreversibly dehydrated. As long as a soil shows negligible shrinkage on drying and aggregates are re-wetted slowly, additional water retention should be unchanged. Similarly, the roots bridging pores will be irreversibly dehydrated on air-drying but the pores should remain open, provided aggregates are subjected to minimum disturbance.
For the determination of the plastic limit, samples are always air-dried and a <425 µm fraction prepared. Most silty surface soils contain very little coarse sand, so the whole soil can be used. In the subsequent rolling out of the wet soil, large pores mainly bridged by roots will be lost. It is now suggested that the increase in the plastic limit of silty soils with %C is usually due to the extra water in stabilised pores up to about 30 µm in diameter (cf. Fig. 3a,b) , the continuous shearing occurring through the weaker soil between the pores.
Negative charge of organic matter in sandy soil
In the canefield, the approximately constant negative charge of the organic matter to 0.35 m is attributed to aryl carboxylic groups on burnt cane residues incompletely converted to char (Skjemstad et al.1999 ) which were ploughed in to 0.4 m before ground nuts were grown. The complete slaking of aggregates from 0.15-0.2F shows that the char does not link particles together. The reduction in the slaking of aggregates from 0.0-0.05F found here is taken to indicate the presence of some acidic polysaccharides in the rhizosphere of the cane roots. Most of the uncharged organic matter under trees would be expected to be still present.
Under trees the composition of the negatively charged organic matter changes little in the top 0.15 m as shown by its constant charge per g of contained C at pH 6. The charge will increase with pH. For a group of Australian soils with an average pH of 5.8, Hallsworth and Wilkinson (1958) , by statistical analysis, deduced an average CEC for the organic matter present of 2.3 mmol c /g C. Only a small proportion of the carbon present would have needed to be in acidic polysaccharides to prevent slaking, since this was due to entrapped air only. Polysaccharides produced by rhizobium, for example, often contain about 18% uronic acid groups (Clapp and Davis 1970) . If the polysaccharides otherwise consist of anhydrous glucose units, then the negative charge would be 2.1 mmol c /g C. So with only a slight change in slaking from the surface to 0.2 m, any decrease in the CEC of the soil due to a reduction in the amount of polysaccharide present would be small. The main charge may be derived from lignified portions of feeder roots, whereas C o is from highly lignified fragments of the main roots.
Constancy of %C o in plots on the fine silty loam
It appears that an approximately constant amount of the carbon present, C o , was not involved in increasing soil porosity irrespective of plot treatment. In the 2 grassed plots, C o should have been maintained at about its initial value under permanent grass. The value in the continuous fallow plot should also not have changed because of the absence of roots and therefore nutrients for biological activity. Winter-sown cereals occupy the land for most of the year, and produce root systems similar to, although deeper than, grass.
Clay soils
There are very few reports of detailed measurements on clay soils. The one example quoted here is for a low swelling oxidic clay where at least the linear increase in porosity with %C was confirmed. In the case of swelling clays, it would be expected that reorientation of clay particles by roots due to drying may increase the bulk density of aggregates, and the gel from associated bacteria may also reduce swelling near zero suction. lt is also difficult to re-saturate air-dried aggregates of swelling clays without creating additional porosity, particularly if bonding due to organic matter is weak (Thorburn et al. 1989) .
Possible role of plant residues in increasing porosity
Another way of increasing the specific volume of pores up to about 30 µm diameter would be to incorporate plant debris which already contains plant cells of the right diameters. Waters and Oades (1991) showed that most of the water-stable aggregates (90-250 µm) in the surface of the permanent pasture plot on Urrbrae fine sandy loam, a Chromosol, consisted of decomposing plant debris encrusted with fine mineral particles. The authors considered the inorganic coating important to reduce the rate of decomposition of the debris. It is likely that such micro-aggregates would also remain intact when rolling out the soil to determine its plastic limit. The decomposing plant cells may also contribute to the negative charge of the soil. This mechanism was not invoked for either of the 2 main soils discussed here: the sandy soil because the clay was strongly aggregated; and the fine silty loam because the grass was cut for silage, not grazed. However, it is of interest that where corn (maize) was grown continuously for 17 years on a Chromosol with zero tillage and residues left on the surface, the results of Balesdent et al. (1990, Table 2) show that in the top 0.04 m there was a linear decrease with depth in the %C by weight derived from corn, while %C derived from previous crops was constant, i.e. distributions similar to those found in the present paper for the sandy soil under trees based on the charge of the organic matter present. Within the top 0.05 m under maize, old carbon was also 51% of the total C present compared with the sandy soil under trees where C o has been found to be 40% of the C present.
Pores filled with organic gel
There are exceptional conditions under which gel by itself can be the direct cause of both increased water retention and strong inter-particle bonding. It requires few live roots to be present, the soil to be kept wet, earthworms, and a supply of nutrients. These conditions applied to soil immediately under an organic mulch kept wet by micro-drippers (see ultrathin section, Emerson et al. (1994, Fig . 3) .
One anomalously large increase in the plastic limit of a silty soil with respect to carbon content has been found among reported data (Emerson 1995a) . It is suggested that this could be due to grazing a pasture when the soil is too wet, so that soil aeration is reduced, many roots die, and the soil remains wet. Then during the subsequent decomposition of the roots, copious organic gel could be produced.
Conclusions
It has been found convenient to express both the organic carbon content and porosity of a soil on a weight basis, that is as %C and specific volume, respectively.
The %C in the top 0.15 m of the sandy soil under native trees consisted of a constant %C o in uncharged organic matter, and a %C which decreased linearly with depth in organic matter with a constant negative charge per g of C. In the top 0.05 m, the former accounted for 40% of the C present. Only the latter was associated with the linear increase in the specific volume of the soil with %C. The specific volume of an oxidic clay under grass and of surface aggregates of a silty soil from rotation plots also increased linearly with %C. There was a sufficient range of %C in the rotation plots samples to estimate %C o , the %C in organic matter not involved in increasing soil porosity. Negatively charged organic matter does not necessarily increase porosity, an example being in the adjoining canefield on the sandy soil, where the CEC of the soil was deduced to be due mostly to incorporated burnt residues.
The rate of increase with %C in the specific volume of additional pores ≤30 µm in diameter in the sandy soil under trees was 50% more than for the aggregates of the silty soil. It is ascribed to pores being mainly created by mycorrhizal fungi rather than bacteria. The acidic carbohydrate gel exuded in the process stabilises the particles surrounding the pores particularly after air-drying. It is suggested that the specific volume of such pores is numerically equal to the increase in the plastic limit of silty soils. Water-stable plant residues encrusted with fine particles (Waters and Oades 1991) also contain the right size diameter pores to increase both water retention and the plastic limit.
The amount of C in acidic polysaccharides under trees in the sandy soil is unknown, neither is the origin of the other components of the negatively charged organic matter. However, their linear decrease with depth should make it easier to separate these components from the constant background of uncharged organic matter.
The rate of increase with %C in the specific volume of the sandy soil under trees was double the rate of increase in pores ≤30 µm diameter. This is attributed to growing feeder tree roots moving attached aggregates apart.
Quantitative measurements of the dispersion of compacted wet cubes of the sandy soil did not improve discrimination of the strength of the bonds holding the clay particles together compared with that of previously reported visual observations using remoulded portions. The reason was that the kaolinitic clay particles present were strongly bonded together and any dispersion was mainly due to the abrasive action of the coarse sand present when remoulding the soil. A chemical hammer applied to aggregates was able to show differences in the strength of the bonds between the clay aggregates and larger particles, which were consistent with the degree of slaking of air-dry aggregates.
